This paper evaluates the effect of high-speed rail (THSR) on the land prices of targeted regions (THSR regions) in Taipei,China using prefectural-level data from 1993 to 2017. The construction of THSR started in 2000 and was finished in 2006. The THSR line to Zuoying (Kaohsiung City) first operated in 2007. After station construction for Miaoli, Changhua, and Yunlin was complete at the end of 2015, the entire line was open in 2016. THSR investment has been believed to play an important role in changing land usage and value, but such spillover effects on land prices have not yet been evaluated formally. Employing the differencein-difference (DID) methodology, I estimate the impact of THSR on local land prices by comparing the land prices in THSR regions with those of other regions not covered by THSR. The results suggest that THSR positively affected the average land prices in THSR regions from the start of construction, and such positive effect became even larger after the beginning of the operation. There does, however, appear to be an inequality in land price growth among THSR regions. The positive spillover effects in northern regions are larger than those in their southern counterparts, which indicates that some straw effects may exist in southern regions. Because increases in local land prices often lead to increased local tax revenues, this paper, by showing the positive relationship between THSR investment and land prices, may have meaningful implications for future potential THSR investments in other economies or regions.
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INTRODUCTION
Transportation infrastructure, such as high-speed rail, has been widely considered a critical booster to economic development and an important contributor to technological innovation. This is one of the most engaging reasons why many economies invest significant public spending in the transportation sector.
High-speed rail-the fastest and most up-to-date railway system-has been treated as an elite symbol of national transportation development. It is also very expensive landbased transportation infrastructure. The construction cost of high-speed rail in Taipei,China (THSR) was about NT$513 billion, which means that the cost per route kilometer is about NT$14.9 billion. The huge expenditure required for high-speed rail projects makes it very difficult for policy makers to decide whether or not to adopt such investments, an issue that was faced by the government in Taipei,China. The THSR project was at first expected to be fully funded by the government, but this was rejected based on the huge costs and the uncertain potential project value, which led to a combination project including private investors. It is therefore vital to re-estimate the value of high-speed rail projects in a wide category that not only focus on its direct value-such as ticket revenues or the investment expenditure contributing to the local economy-but also the spillover effects such as increases in the local land value, which may indirectly boost the economy, because, in the long-term the project value of the THSR has been underestimated (Bowe and Lee 2004) .
This paper uses local land prices to examine the spillover effects of the THSR and is perhaps the first empirical work that formally evaluates the impact of the THSR on local land prices. Land prices have been widely considered an indicator of future economic performance. Liu, Wang, and Zha (2013) , using land as the firm' collateral when getting loans from the banks, have shown that land prices have a positive relationship with business investment. Renzhi (2018) has found that house prices (mostly determined by land prices) also have a positive impact on gross domestic product (GDP) by serving as an accelerator of unconventional monetary policy. Chen (2001) has also found that real estate prices (mostly determined by land prices) and stock prices play an important role in amplifying bank lending in Taipei,China. To show more evidence of the important role of land prices in the economy of Taipei,China, in this paper, I conduct a structural vector autoregression (VAR) model to estimate the effect of land-price movements on GDP.
The results suggest that a 3.8% increase in land prices will lead to 2% growth in real GDP and this positive effect may last for one year. All of these findings provide firm evidence to show that studying the spillover effects of THSR on local land prices is of great importance.
To evaluate the impact of the THSR on local land prices, I employ a difference-indifference (DID) approach. Specifically, I distinguish treated regions (regions with the THSR) from control regions (regions without the THSR) and compare the land-price movements of these two groups before and after three time periods related to the THSR: the construction period, the first operation period, and the second operation period. I also divide treated regions into "station located regions" and the "route-passing regions" (regions with stations or only routes, respectively). The baseline results show that the THSR contributes a 17.8% growth in local land prices in station located regions and a 19.9% increase in the route-passing regions during the first operation period, while in other time periods the positive effects of the THSR are also observed but are not statistically significant. This result is verified by the robustness check.
Regional analysis determined that there appear to be heterogeneous movements of local land prices in different parts of the treated regions. Specifically, I arranged the treated regions into North, Mid, and South to see the differences. The North region was greatly affected by the THSR, which contributed a 34.7% increase in local land prices for station located areas during the first operation and a 43% increase during the second operation. For the route-passing regions in the North region, the THSR contributed a 20.3% local land-price growth during the construction period, and this positive effect became even larger in the first operation period, with a 38.4% increase in land prices and 42.6% growth during the second operation period. There did not appear to be any significant increase in local land prices in the Mid and South regions resulting from the THSR, which is consistent with the results of Andersson, Shyr, and Fu (2010) who have pointed out the THSR only has a minor effect on house prices using data from the city of Tainan. This finding raises concern about potential existing "straw effects" caused by the THSR with a better connection to northern developed areas.
The remainder of the paper is organized as follows: section 2 describes the role of land prices in the macroeconomy; section 3 shows how high-speed rail affects land prices by presenting the detail of estimation approach, data, and results; and section 4 presents the conclusions.
LAND PRICES AND THE MACROECONOMY: THE EVIDENCE
The dynamic connections between house prices and the macroeconomy have been studied by many researchers in recent years. Iacoviello (2005) and Iacoviello and Neri (2010) have explained the positive co-movements between house prices and consumption expenditures by assuming households with credit constraints are using houses as collateral. Davis and Heathcote (2007) , however, have provided evidence that house price movements are mainly driven by fluctuations in land prices instead of other factors such as construction costs. Based on this finding, Liu, Wang, and Zha (2013) , using land as the firms' collateral when getting loans from the banks, have shown that land prices have a positive relationship with business investment. The transmission channel is simple: when land prices increase, driving up the collateral values of firms, which raises their borrowing capacity and makes more investment and consumption possible, leading to the growth in the economy.
The Structural VAR Model
In this subsection, I examine whether the above relationships of land prices and macroeconomy also exist in Taipei,China, based on a basic structural VAR model using aggregate semi-annual data series from September 1992 to March 2018. Let X t be a 4×1 vector of endogenous random variables at time t, which consists of real GDP (y t ), the monetary aggregate (m t ), the interest rate (i t ), and aggregate real land prices (lp t ). Then, the model can be specified as follows:
where
is the pth-order lag polynomial, and ε t denotes the VAR residual vector that captures each structural shock of the endogenous variables.
The identification strategy I use is based on block recursive restriction (Christiano, Eichenbaum, and Evans 1999) , with macroeconomic non-policy variables ordered first (y t ), followed by monetary policy variables (m t and i t ), and finally monetary variables (lp t ). In this way, the structural VAR model can be identified by imposing the restriction that the monetary variables do not simultaneously affect macroeconomic variables.
Estimation of the Impulse Response Functions for the Structural VAR Model
The estimation results of the structural VAR model are presented in Figure 1 , which shows the impulse responses to structural one-unit shocks in two standard error bands. The solid line denotes the estimated responses in levels over ten periods (five years) and the shaded areas enclose 95% confidence intervals calculated by Runkle's (1987) Monte Carlo simulation method.
Figure 1: Impulse Responses
Note: The shadow areas enclose 95% confidence intervals calculated by Runkle's (1987) Monte Carlo simulation method.
Source: Author's estimation.
First, I looked at the impulse responses to a positive land-price fluctuation as shown in the fourth column, which is the main objective of the estimation. When there is an increase in land prices, the real output shows a short-term rise, and the positive effect gradually disappears after one year (the fourth column, upper-row chart). Because the standard error bands of estimation for the impulse responses of real output are relatively tight, I can say that the results are reasonably meaningful. The estimation result also shows that a 3.8% increase in land prices will lead to a 2% growth in real GDP.
Then I considered the impulse responses of land prices to monetary policy variables: the monetary aggregate and the interest rate. An increase in the interest rate, indicating that a tight monetary policy shock has hit the economy, led to a persistent drop in land prices (the third column, bottom-row chart). This result indicates that a higher interest rate causes a fall in land prices by increasing the costs of financing land-related investment. An expansionary monetary aggregate generated a positive effect on land prices (the second column, bottom-row chart), which shows that a slack monetary policy will boost land markets by increasing money supply.
On the other hand, looking at the impulse responses of land prices to real output shock (the first column, bottom-row chart), there do not appear to be any positive effects of real output on land prices, but rather a negative effect, which is quite an interesting finding that calls for future investigation. In all, it appears that a positive shock to land prices has a short-term positive effect on real GDP. With such evidence, the important meaning of estimating the effects of THSR on local land prices is further enhanced. 1
HOW DOES HIGH-SPEED RAIL AFFECT LOCAL LAND PRICES?
After showing the importance of land prices in affecting economic growth, in this section, I describe my empirical strategy, data, and the results of the impact on land prices resulting from the construction and operation of the THSR.
Institutional Background and Research Design
The island of Taipei,China features rugged central mountainous terrain that separates the island into the West Coast area and East Coast area. Although the West Coast area covers only half of the island, nearly 90% of the population is concentrated there. With high population density and rapid economic development, the demands for North-South intercity transportation has been increasing over the years, and an efficient high-speed mass transportation system is greatly needed. The THSR provides the best solution. This 349.5 km THSR route connects most of the main cities located in the West Coast area, and would make it possible to travel from Nangang to Zuoying (Kaohsiung) in only 2 hours, which greatly improves efficiency for intercity and regional daily commuting and business trips.
Transportation infrastructure investment has often played a key role in restructuring urban land usage and land price patterns in Taipei,China (Andersson, Shyr, and Fu 2010) . To determine whether THSR has significant effects on local urban land prices, I employed an empirical strategy based on the DID approach, which allows the estimation of THSR's effect on land prices by comparing the difference between the landprice changes in regions with THSR and the land-price changes in regions without THSR. I divided the data samples into a treated group (regions with THSR) and a control group (regions without THSR) and split the time framework into pre-project and post-project. (Table  1) . In Figure 2 , I compare the average real land prices in the regions with THSR routes to the regions without a THSR route. Regions with THSR (treated region) include the 13 prefectures and cities that have THSR stations or route-passing. Regions without THSR (control regions) refer to those six prefectures and cities with no THSR stations or route-passing, including: Yilan Prefecture, Keelung City, Nantou Prefecture, Pingtung Prefecture, Taitung Prefecture, and Hualien Prefecture. Real land prices were calculated using the nominal urban land price index and the inflation rate (further details concerning data acquisition are covered in the data subsection). We can see that, before 2007, both regions had experienced a downward trend in real land prices, which was largely caused by the bust in the real estate market in early 1990. Land prices in regions without THSR had a relatively higher starting level, but after 2000, land prices in regions with THSR demonstrated a faster recovery and even showed an apparent higher increasing trend after 2007. This finding seems to be plausible because it may indicate there is a positive impact from THSR on local land prices even starting during the construction period.
The land price samples considered above may mask some heterogeneous factors behind the average number. I therefore rearranged the treated sample into four regional parts: North, Mid, South, and Passing. The "Passing regions" refer to those prefectures or cities that have no THSR stations but only routes passing through. Based on this new distinction, in Figure 3 we can see the land-price movements are totally different. Except for the North region, none of the other regions showed significantly higher landprice growth after construction of the THSR began. The North region is a relatively more developed area, economically, compared to the island as a whole. If most of the positive spillover effects on land prices from THSR only happen in the North region, rather than in other regions, the potential for a "straw effect" should not be neglected. This finding not only shows the importance of considering prefectural-specific factors in the estimation, but also the necessity of regional empirical analysis besides the all-prefecture analysis.
In sum, of the nineteen prefectures and cities, I employed thirteen as the treated group, and also divided this treated group into four sub-groups, North, Mid, South, and Pass, to assess regional differences. The control group includes the remaining six prefectures and cities that are not likely to be affected by the THSR. I combined and harmonized the annual national and prefectural-specific datasets and constructed a panel covering all nineteen prefectures on the island from 1993 to 2017. This 25-year panel allowed me to observe the long-term effects caused by the THSR by yielding a sufficient number of years before and after the THSR project started. Table 2 presents descriptive statistics for all of the variables used in the analysis, categorized by regional groups.
Data
The Model
Specification Using All-Prefecture Sample
I first estimated the spillover effects of THSR on land prices using the all-prefectural sample as the baseline. To check the spillover effects in different periods as shown in Table 1 , I specified three time-binary variables, T construction , T 1st , and T 2nd , which refer to the construction period, the first operation period, and the second operation period, respectively. To find the effect differences between THSR station-located regions and THSR route (passing) regions, I created two binary variables, d station and d route . The DID estimation equations follow the traditional Card and Krueger (1994) form:
where lnLP it is the log of real land prices, i refers to each prefecture or city, and t denotes period. T · d is the interaction term of two binary variables indicating whether the observation belongs to the treated group after given time periods. X it is the vector of the control variables to lower the bias of the omitted variables, which include time-varying variables at the prefectural level such as population growth, real household consumption, and unemployment rate, and time-varying variables at the economy level such as the interest rate; γ i is a time-invariant prefectural effect and λ t is the year-specific effect that common across all prefectures; ε it is the error term, which is assumed to be independent over time.
I based the selection of control variables on empirical findings and the availability of prefectural-level data. As I shown in section 2, economic growth variables such as real GDP are likely to affect land prices in Taipei,China, so including prefectural real GDP variables as control variables may be a good choice to lower omitted variable biases. However, because the economy of Taipei,China is rather compact, there are no official prefectural-level GDP statistics. Instead, I used the average real household consumption data as the proxy variable for prefectural-level real GDP. I also added the unemployment rate combined with real household consumption to serve as indicators of prefectural economic growth, which may affect land-price movement in addition to THSR projects. Demography is also an important factor in determining land-price movement (Poterba, Weil, and Schiller 1991) , so I included the prefectural-level data for the population growth rate as the control variable. Based on the findings in section 2, national monetary policy fluctuations significantly affect land-price dynamics, so adding the interest rate variable to the control variable vector is essential as well. Details on the data sources appeared in the previous subsection.
It is important to keep in mind that long-term autocorrelated time series (for example, land prices) may generate inconsistent standard errors when employing DID methodology, as has been criticized by Bertrand, Duflo, and Mullainathan (2004) . Following their approach-which has been widely adopted in the infrastructure evaluation literature, including by Yoshino and Abidhadjaev (2017)-I solved this problem by employing heteroscedasticity and autocorrelation consistent (HAC) standard errors that are clustered at the prefectural level.
Specification Using Regional Sample
To address the regional differences of the spillover effects of THSR on land prices, I reestimated the model using regional treated group samples: north-prefecture sample, mid-prefectural sample, and south-prefectural sample ( Table 2 ). The control group to be compared remained unchanged. The setting of the model is the same as the baseline version, and the DID estimation equations also use the same form as the baseline case:
where lnLP it is the log real land prices, i refers to each prefecture or city, and t denotes period. T · d is the interaction term of two binary variables indicating whether the observation belongs to the treated regional group after given time periods. X it is the vector of control variables; γ i is the time-invariant prefectural effect; λ t is the year-specific effect common across sample prefectures; and ε it is the error term, assumed to be independent over time.
Estimation Results
This subsection contains my empirical results concerning how the THSR affected local land prices using whole sample and regional sample data. To that end, I compared the land prices during the construction period, the first operation period, and the second operation period to those during the pre-construction period. Table 3 reports the spillover effects of the THSR on land prices using the all-prefecture sample for all six specifications: each one with or without including route passing prefectures for the given time period. (2)- (7) where the treated group uses all-prefecture sample data. The pre-construction period refers to 1993-1999. DID captures the spillover effects on real land prices resulting from the THSR. HAC standard errors are reported in the parentheses. * p<0.1; ** p<0.05; *** p<0.01.
Baseline Results
For the station located regions, the impact of the THSR on the local land prices was positive for all three time periods. During the first operation period (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) , the THSR increased local land prices by 17.8%, with statistical significance at the 5% level. Regional-specific control variables such as real household consumption were wide-ranging and only statistically significant during the first operation period. Population growth was not as important as it is in theory and hardly had an effect on land prices. The unemployment rate was statistically significant at the 5% level during the first operation periods, which negatively affected the land prices, capturing the fact that a better economy leads to higher land prices. Other control variables such as the interest rate (representing monetary policy changes) also showed significant effects during all three time periods.
In the route-passing regions, the THSR showed more significant effects on local land prices during the first operation period with 19.9% (statistically significant at the 10% level) growth in land prices. Control variables that showed significance in explaining landprice changes were the same as those in the station located regions. The THSR therefore appeared to significant positive effects on local land prices both in the station located regions and the route passing regions during the first operation periods, while in other periods such effects did not appear. Table 4 reports the spillover effects of the THSR on land prices using the Northprefecture sample for all six specifications that were same as the baseline case. (8)- (13) where the treated group uses north-prefecture sample data. The pre-construction period refers to 1993-1999. DID captures the spillover effects on real land prices resulting from the THSR. HAC standard errors are reported in the parentheses. * p<0.1; ** p<0.05; *** p<0.01.
Regional Results
In the North region, the THSR had greater effects on local land prices in the station located areas comparing to baseline results, which shows that the THSR contributed to 34.7% increase in local land prices (statistically significant at the 1% level) during the first operation period and an even higher 43% (statistically significant at the 1% level) during the second operation period. For the route-passing areas in the North region, the THSR contributed to 20.3% local land-price growth during the construction period (statistically significant at the 5% level), and this positive effect became even larger in the first operation period with a 38.4% increase in land prices (statistically significant at the 1% level) and 42.6% growth during the second operation period. The larger increase in land prices observed during the second operation may have been affected by the newly built Nangang station. Control variables such as household consumption only showed significance in the route-passing regions during the construction period, and population growth only showed significance in the route-passing regions during the construction and second operation periods. Unemployment showed no significance in either the station located and the route passing areas during all periods. On the other hand, the interest rate had significant effects in both the station-located and route passing areas during all three periods. Table 5 shows the impact of THSR on land prices in the Mid region. For both the station located and the route-passing areas, the THSR did not appear to have any significant effect during any of the three time periods. Although the new stations in the prefectures of Miaoli, Changhua, and Yunlin were completed in the second operation period, the THSR's effects on land prices become smaller compared to the effects during the first operation period. For the control variables, unemployment only showed a significant effect in the route-passing areas during the first operation period. Population growth only showed a significant effect in the station located areas during the construction operation period. Household consumption generally had no significant effect on land prices throughout the whole time period. The interest rate generated significant effects during most periods. (8)- (13) where the treated group uses north-prefecture sample data. The pre-construction period refers to [1993] [1994] [1995] [1996] [1997] [1998] [1999] . DID captures the spillover effects on real land prices resulting from the THSR. HAC standard errors are reported in the parentheses. * p<0.1; ** p<0.05; *** p<0.01.
Finally, Table 6 presents the impact on land prices in the South region resulting from the THSR. Similar to the Mid region, there was no statistically significant effect in either the station located or route passing areas. For the control variables, the interest rate showed significant effects on land prices during the construction and second operation periods. Population growth showed significant effects in the station located areas during the construction and the second operation period, as well as in the routepassing areas during the construction period. Unemployment had significant effects on land prices during the first operation period. Other explanatory variables such as household consumption only showed a significant effect on land prices in the routepassing areas during the construction period.
In all, the regional results suggest that the positive effects brought by the THSR in the baseline model were mostly driven by the significant effects from the North region. There do not appear to have been any significant impact on land prices from the THSR in either the Mid or South regions, which largely explains why the whole sample results are not as plausible as in the case of the North region. This finding also raises the concern of "straw effects" caused by the THSR in the Mid and South regions because the local benefits from the THSR mainly flowed to the North region. (8)- (13) where the treated group uses north-prefecture sample data. The pre-construction period refers to [1993] [1994] [1995] [1996] [1997] [1998] [1999] . DID captures the spillover effects on real land prices resulting from the THSR. HAC standard errors are reported in the parentheses. * p<0.1; ** p<0.05; *** p<0.01.
Robustness Test
In this subsection, I conducted the robustness test by adding region-specific linear time trends to my DID models to examine whether or not the common trends assumption was problematic. 2 If the common trends assumption holds, there is smaller or less significant impact from the THSR on local land prices during the time periods before the start of a given period. Thanks to the long-term time series of my data, I can estimate the 6-year pre-project effect. More specifically, I checked the effect of the THSR on land prices during the periods 1994-1999 (pre-construction), 2001-2006 (pre-first-operation), and 2010-2015 (pre-second-operation) , while the influence of other control variables remained unchanged. Within the time period 1994-1999, no THSR spillover effect existed, because the construction of the THSR had not started. During the period 2001-2006 (pre-first-operation) , the THSR remained under construction, so the change in local land prices should be weaker compared to the baseline model results. During the period 2010-2015 (pre-second-operation), the THSR had already seen its first operation, which may not show a weaker effect compared to the baseline case, and therefore I expected a higher growth in land prices will be observed. Table 7 reports the DID coefficients specified by time period dummy variables. The foot of the DID means a given year dummy for each time period, which refers to DIDconstruction, first operation, second operation. We can see that the effect of the THSR on land prices was weaker or less significant compared to the construction and first operation periods in the baseline model. THSR had a larger or a more significant impact on land prices compared to the second operation in the baseline case, which is the result I expected. The robustness check therefore confirmed that my estimation results for the spillover effects of the THSR on local land prices were reliable. 
CONCLUDING REMARKS
In this paper, I evaluated the spillover effects from the THSR on local land prices. To highlight the important role of land-price movements in the economic growth of Taipei,China, I adopted a structural VAR analysis that gives empirical evidence that a 3.8% land-price growth leads to a 2% increase in real GDP.
With this empirical finding, I followed the DID approach to estimate the effect of the THSR on local land prices in the station located and route-passing regions. I also differentiated the time periods into construction, first operation, and second operation periods to check the different impacts from the THSR during these different periods. The results of the baseline model using all-prefecture data indicate that the THSR significantly increased the local land prices in the station located regions by 17.8% during the first operation. These positive effects were even larger in the route-passing regions, where a 19.9% increase in local land prices was observed during the first operation period. Despite the lack of statistical significance, positive impacts on local land prices from the THSR were also estimated, and the robustness test proves that the estimation results are reliable.
To observe the heterogeneous performance of land-price movement that may be masked by the all-prefecture estimation, I also employed a regional analysis by dividing the THSR affected areas into North, Mid, and South regions in addition to the baseline whole sample results. The analysis results suggest that the THSR had a significant effect on local land prices in the North region that was larger than the baseline results, while there was no statistically significant increase in the Mid and South counterparts. This may indicate the regional inequality of land-price movements resulting from the THSR, which raises the concern of "straw effects" that potentially occurred in the Mid and South areas. Policy makers should carefully consider this issue if there are any future plans for extending the THSR route to the eastern areas of Taipei,China. In conclusion, I have provided evidence of the positive impact of the THSR on local land prices while the growth of land prices had heterogeneous movements among regions.
